Primary hyperparathyroidism (PHPT) is defined as an inappropriate and excessive secretion of parathyroid hormone (PTH). It is usually asymptomatic and often diagnosed after a fortuitous discovery of hypercalcemia. We report the case of severe myopathy revealing PHPT secondary to parathyroid carcinoma (PC) with lung metastasis.
A 67-year-old man presented with a 6 months history of muscle weakness, gait disturbance and difficulties to climb stairs. He was also suffering from bone pain and mentioned 20 Kg weight loss. Physical examination disclosed myopathic syndrome with waddling gait and motor deficit predominating in pelvic girdles and proximal segments of limbs. Laboratory tests revealed severe hypercalcemia associated to a significant increase of PTH. Etiologic screening showed carcinoma of the parathyroid gland with lung metastasis.
Although myopathic syndrome exceptionally reveals PHPT, clinicians should be aware of this endocrinopathy facing an acquired myopathy in the elderly.
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Physical examination disclosed proximal muscle deficit particularly the pelvic girdle (MRC grade 3) with waddling gait and inability to get up from the floor. A moderate muscle wasting was also observed. Deep tendon reflexes, plantar responses and sensory system were normal. Electromyography (EMG) study showed both myogenic and neurogenic features. Careful examination found an irregular solid and painless nodule in the left side of the neck without satellite lymph node hypertrophy. This cervical mass was completely ignored by the patient.
Blood tests showed a normal serum creatine kinase (CK) level (35 IU/L).The FT4 and TSH rate were normal. There
Clinical Case
A 67-year-old man, with no medical history, was referred to our department for gait disturbance. In fact, since six months, he developed progressively lower limbs heaviness with difficulties to walk and climb stairs. He did not report myalgia or dysphagia and there was no cutaneous sign. However, he was suffering from diffuse bone pain (particularly in the spine and pelvis) and anorexia with 20 Kg weight loss. He also complained from chronic constipation and noticed change of his voice, which became slurred. was a severe hypercalcemia (4 mmol/l) which was treated urgently as it is a potentially life threatening. Serum phosphate level was normal (1 mmol/l). Given this unbalance of serum calcium, we performed parathyroid hormone (PTH) assay and discovered a very high level at 3951 pg/ml (normal range: 14 to 57 pg/ml). Alkaline phosphatase level was also very high at 506 IU/l (normal range: 40 to 150 IU/l). Serum vitamin D was at the lower limit of normal (25-OH vitamin D: 11.6 ng/ml). There was a moderate renal impairment (creatinine clearance 44 ml/min) and hypercalciuria (12 mmol/24 h; normal < 7.5 mmol/24 h).
At ultrasound, the cervical mass measured 6 cm, had ill-defined limits and was richly vascularized at color Doppler. CT-scan confirmed the parathyroid nodule which contained microcalcifications. This tumor involved the left thyroid lobe and repulsed the trachea to the back, the esophagus to the right and the homo lateral jugular vein and carotid artery outside (Figure 1 ).
Histological study of the deltoid muscle biopsy was performed on frozen and paraffin embedded sections. Hematoxylin eosin staining showed disparity of fiber size some angulated fibers (Figure 2a ). NADH tetrazolium reductase reaction yielded that atrophy involved particularly type 2 fibers (Figure 2b ). This selective type II atrophy is a non-specific pattern and could be observed in steroid or endocrine myopathy. There were neither necrotic fibers nor regenerative process. Immunohistochemistry showed positive staining for dystrophin, sarcoglycans and dysferlin. Serial sections of paraffin embedded sample didn't find any inflammatory infiltrate nor rimmed vacuoles.
X-ray of the pelvis, femurs, humerus and hands exhibited patchy osteolytic areas (Figure 3a) . Skull radiography showed "pepper pot" appearance ( Figure 3b ). Bone densitometry demonstrated severe bone demineralization (femoral T-score at -8.3; normal range between +1 and -1). Abdominal pelvic ultrasound revealed multiple renal and bladder stones.
These findings suggested the invasive character and the malignant type of the tumor. Body scan revealed multiple pulmonary metastases and brown tumors in the skull and mandible. All these clinical and paraclinical data were strongly suggestive of a metastatic parathyroid carcinoma (PC) complicated by myopathy. The patient underwent surgical resection of the parathyroid mass. Pathological examination of the frozen sections confirmed the malignancy of the tumor (capsular, vascular and perineural invasions). Regarding this result, the thyroid gland and the regional lymph nodes were completely removed. During follow-up, we observed progressive global improvement and a slight amelioration of muscle strength (MRC grade 3+). Biological control showed decreased PTH level to 820 pg/ml, hypocalcaemia, hypophosphatemia and increased alkaline phosphatase evoking a "Hungry Bone Syndrome" (HBS), despite calcium and vitamin D supplementation.
Discussion
Primary hyperparathyroidism (PHPT) is caused by increased secretion of PTH. This common endocrine disorder occurs usually in elderly, most often around the age of 60. The estimated incidence is approximately 20.5 cases/100.000 persons per year. Women are three times more often affected than men [1] . Diagnosis of PHPT is suggested by hypercalcemia, hypophosphatemia and raised PTH in appropriate clinical settings [2] . However, it is usually asymptomatic and hypercalcemia is often found unexpectedly on biochemical screening. When symptomatic, the most frequent signs are bone and abdominal pain, constipation, nausea, vomiting and nephrolithiasis [3] . Neurologic manifestations of PHPT are uncommon and in rare cases, they reveal the disease. Both central and peripheral nervous system can be involved. Psychiatric symptoms are frequent such as anxiety, depression, hypersomnia, impaired thinking and memory loss. In some cases, patient complains from headache, presents seizure, confusion and/or consciousness alteration. These symptoms are related to very severe hypercalcemia secondary to excessive PTH release [2] . Besides the importance of neuropsychiatric complains, neurological examination shows minimal changes such as brisk tendon reflexes. In one case report, spasticity was found in the lower limbs with Babinski sign [4] . Cramps and paresthesia are reported in approximately 50% of patients [5] . In addition, 29% to 57% of patients experience hypoesthesia with stocks-gloves distribution, diminished vibratory sense in the extremities and decreased muscle stretch reflexes suggestive of an underlying peripheral neuropathy [5, 6] .
The myopathy associated with PHPT can rarely reveal the disease [7] . It is characterized by gradual onset of symmetric proximal weakness with atrophy and sometimes muscle pain [8, 9] . Proximal leg weakness is responsible for waddling gait and in advanced stage the patient became bedridden. Only one case of severe neck extensor weakness, the so called "dropped head syndrome", and severe respiratory muscle involvement were reported [10, 11] . It was reported several patients with hoarseness and dysphagia [6] . CK level is usually normal [12] . EMG usually shows normal muscle activity, some short duration motor unit potentials can be observed. The muscle biopsy specimen shows type II atrophy but there is no fiber necrosis and regeneration nor inflammatory infiltrate [6] .
Proximal muscle deficit in the elderly is not specific and many differential diagnoses can be discussed especially inflammatory myopathies (polymyositis, dermatomyositis ...) by far more frequent. In our case, the absence of myalgia, the normal CK level and the absence of inflammatory infiltrates on muscle biopsy exclude these diagnoses. Toxic myopathies are also common in the elderly but our patient had not been exposed to statins, colchicine or steroids... CK level is usually increased in theses toxic myopathies. Myopathy related to disorders of thyroid metabolism may have similar clinical pattern of PHPT's myopathy. However, other signs of thyroid dysfunction are usually present and the diagnosis is confirmed with the determination of low or high thyroid hormone levels [13] .
The exact physiopathology of muscular dysfunction in PHPT is not well known. It is established that hypercalcemia induces a reduction of neuromuscular excitability and can cause muscle weakness, however, fatigue and muscle weakness are much more common in PHPT. Therefore, some authors believe that myopathic syndrome is more related to the increase of PTH than hypercalcemia [14] . Other authors found that there is a thickening of the arterioles and the basement membrane in the smallest endomysial vessels suggesting that vascular factors may have a significant role in the pathogenesis of the myopathy in PHPT [7, 15] . In addition, osteomalacia secondary to vitamin D deficiency may aggravate muscle dysfunction [16] . Furthermore, vitamin D status appears inversely correlated with PTH levels, with several studies suggesting increased severity of PHPT in vitamin D-deficient individuals as well as a higher risk of severe postoperative HBS [17, 18] .
About 80% of cases of PHPT are related to benign tumor (adenoma) developed in one of the parathyroid glands. In other cases, hyperactivity of the parathyroid is secondary to multiple tumors of the glands or hyperplasia. Rarely, PHPT is caused by parathyroid carcinoma (PC) [1, 2] . It is a malignant neoplasm that represents less than 0.005% of all cancers [19, 20] . If we consider all patients suffering from PHPT, PC represents 0.5 to 5% of cases [21] . It occurs with equal frequency in men and women. Classically, the disease is described to occur one decade earlier than parathyroid adenoma (mean age 50 years) [22] . To our knowledge this is the first case of PC revealed by a myopathic syndrome.
This cancer causes a challenge for diagnosis and treatment because of its rarity, overlapping features with be- nign parathyroid disease, and lack of distinct characteristics. Certain conditions are considered to be associated to a higher risk of parathyroid carcinoma, without being specific. Severe hypercalcemia, young age, male gender, hypercalcemic crisis, concomitant renal and bone involvement, as well as the presence of a palpable neck mass (more than 3 cm) should raise the suspicion of parathyroid carcinoma. Hoarseness of voice, as a sign of recurrent laryngeal nerve palsy due to local invasion, is highly suggestive of malignancy, since it is very uncommon in parathyroid adenoma. Approximately one third of patients have metastatic lesions at presentation like our patient. The most common sites of metastasis are lungs, followed by liver and bones [20, 23] . Early surgical resection of the primary tumor with clear margins remains the best curative treatment [24] . Successful surgery is followed by a prompt normalization of the PTH level, in consequence muscle strength improves and myopathic syndrome regresses gradually [25] . Clinical follow-up and monitoring of serum calcium and PTH levels are mandatory. Local recurrence is frequent (in one third of the patients) and the 5-year survival is up to 40-86% [26] . Surgical treatment of recurrence and metastasis is recommended where feasible and compatible with the patient's general condition to alleviate clinical symptoms and normalize temporarily laboratory abnormalities. The efficacy of classical adjuvant therapies, such as radiotherapy and chemotherapy, in management of persistent, recurrent, or metastatic disease is controversial. In metastatic PC, the goal of therapeutic support is to control the PTH-driven hypercalcemia that represents the primary cause of death. In the case of metastatic disease and when surgery is no longer indicated, combined techniques, such as powerful bisphosphonates, new anti-resorbtive agents, calcimimetics, radiofrequency ablation and immunotherapy, are useful tools in controlling the complications of severe hypercalcemia [27] .
